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Introduction: Medium-fast bowling performance places significant strain on all physiological 
systems (Burnett, Elliot & Marshall, 1995; Duffield, Carney & Karppinen, 2009). When performed in 
hot conditions, this physiological load may be exacerbated as efficiency of heat transfer to the 
surrounding environment is reduced. Accordingly, high environmental temperatures and/or 
humidity may present conditions that are problematic for optimal physical performance.  Given the 
well documented negative effects of hot ambient conditions or high core body temperature on 
exercise performance, pre-cooling methods to counter these effects have become popular. Whole-
body cold water immersion within laboratory settings can improve exercise performance in the heat 
(Marino, 2002). However this procedure can be logistically difficult in field environments, where 
access to water, water quality, pre-game routines and the number of players restricts effective 
implementation. Recent studies report the use of mixed-method pre-cooling utilising multiple, 
smaller cooling interventions may offer ergogenic properties and greater practicality than cold 
water immersion (Duffield, Steinbacher & Fairchild, 2009; Quod et al., 2008). Given the ecological 
validity of these methods, practical interventions may be a viable pre-cooling intervention for both 
training and competitive environments, without the constraints, difficulties and interruptions of 
whole-body techniques. Therefore, the current study aimed to investigate the effect of practical 
pre-exercise cooling methods on performance and physiological responses during a 6-over 
medium-fast bowling spell in the heat. This evaluated the effects of a practical, mixed-method 
intervention that is inexpensive, transportable and requires minimal intrusion on pre-game 
preparation for any cricket team playing or travelling to hot environments. 
 
Methods: Using a randomised, repeated measures cross-over design, ten male (22.9 ± 7.7 yrs; 
189.8 ± 8.8 cm; 84.9 ± 12.6 kg) club to state level medium-fast bowlers completed two sessions to 
examine the effects of a field-based pre-cooling intervention on physiological, perceptual and 
performance responses during a 6-over medium-fast bowling spell in the heat (32°C, 63%RH, 
31°C WBGT). Following resting measures, participants completed either the pre-cooling 
intervention or control condition. The pre-cooling intervention consisted of 20 min mixed-method 
cooling. Players wore an ice-vest (Arctic Heat, Brisbane, Australia), along with a cold, wet towel 
placed over the head and neck and exposed regions of the arms. Additionally, players placed their 
non-bowling hand in a container of ice-cold water (10°C) and had frozen ice-packs (Techni Ice, 
Frankston, Australia) placed on each quadriceps muscle. During the control condition, players sat 
passively in the warm conditions. Subsequently, participants completed a 10 min warm up 
consisting of jogging, sprints, and 10 deliveries to reach normal bowling speeds. Each session 
consisted of a 6-over spell, based on the CA-AIS bowling skills test. Bowling in pairs, participants 
performed simulated fielding activities between overs, including; walking in with the bowler 10 m 
each ball and performing a 20 m sprint on the 2nd and 4th balls, respectively. Bowling performance 
was measured via ball speed (Stalker ATS, Applied Concepts, USA) and ball accuracy by the CA-
AIS skills test accuracy target system. Run-up speed was measured with an infra-red timing 
system (Speedlight, Swift, Australia) to determine overall and final 5 m run-up speed. Before and 
after the spell, peak lower body power was recorded during repeated (10) counter movement 
jumps (BMS, Fitness Technology, Australia). During the spell, movement distance and velocity of 
the  bowler was recorded by a 1 Hz Global Positioning System (SPI elite, GPSports Systems, 
Australia). Further, core temperature (Vital Sense, Mini Mitter, USA), skin temperature 
(ThermoScan 3000, Braun, Germany), nude mass, heart rate (FS1, Polar Electro Oy, Finland) and 
perceptual measures of exertion (RPE) and thermal stress (TSS) were recorded throughout the 
  
spell. A repeated measures ANOVA (condition x time) was used to determine differences between 
conditions.  Analysis was performed using the Statistical Package for Social Sciences (SPSS 
v16.0, Chicago, IL). Significance was accepted when P < 0.05. Effect size analysis (ES; Cohen’s 
d) was used to determine the magnitude of effect of cooling. An ES of d<0.2 was classified as 
‘trivial’, 0.2 – 0.4 as ‘small’, 0.5 – 0.8 as ‘moderate’ and >0.8 as a ‘large’ effect.  
 
Results: No significant differences (P=0.12-0.86; d=0.05-0.42) were detected between pre-cooling 
and control conditions for mean bowling speeds (114.5 ± 7.1 v 114.1 ± 7.2 km.h-1), accuracy (43.1 
± 10.6 v 44.2 ± 12.5 au), run up speeds (19.1 ± 4.1 v 19.3 ± 3.8 km.h-1) and running distances 
(4336 ± 666 v 4328 ± 707 m). However, a moderate ES (d=0.74) was observed for increased 
mean peak speeds reached during the between-over sprints in the pre-cooling condition (22.1 ± 
2.2 v 20.6 ± 3.3 km.h-1). Further, no significant differences (P=0.40-0.87; d=0.07-0.55) were 
apparent for CMJ peak power pre- (2971 ± 649 v 2677 ± 853 W) or post-spell (3099 ± 393 v 3082 
± 321 W). No significant difference was recorded for post-over heart rates between conditions 
(P=0.08-0.52; d=0.13-0.54; Figure 1, A). However, heart rates prior to each over were significantly 
lower in the pre-cooling condition (P=0.01-0.04; d=0.96-1.74; Figure 1, A). Mean core temperature 
was significantly suppressed in the pre-cooling condition, with core temperature reduced during the 
6-overs in the pre-cooling condition (P=0.03; d=1.46; Figure 1, B). Mean skin temperature was 
significantly reduced pre-spell in the pre-cooling condition (31.8 ± 0.8 v 33.1 ± 0.8 °C; P=0.00; 
d=2.19), nevertheless no significant difference in mean skin temperature was apparent following 
the 6-over spell (32.3 ± 1.2 v 32.5 ± 1.6 °C; P=0.23; d=23).  Significant reductions in nude mass 
were evident in the pre-cooling condition (1.5 ± 0.6 v 1.9 ± 0.4 kg; P=0.01; d=0.34), while no 
significant differences in pre-spell USG were apparent between conditions (1.016 ± 0.006 v 1.016 
± 0.007; P=0.81, d=0.04).  Finally, significant reductions in mean RPE (4.7 ± 0.9 v 5.3 ± 1.1 au; 
P=0.03; d=0.77) and mean TSS (4.3 ± 0.2 v 5.2 ± 0.6 au; P=0.00; d=3.13) were evident throughout 


























Figure 1: Mean ± SD A) core temperature and B) heart rate during a 6-over spell of medium-fast 
bowling in the heat with and without pre-cooling. * Significant difference compared with control 
(P>0.05). #Large effect size compared with control (d>0.80). 
Discussion: This study aimed to determine whether inexpensive, easily portable, cooling 
techniques could be used in a real-world training or competition environment to assist performance 
and reduce the physiological effects of bowling in hot environmental conditions. Bowling 
performance, as measured by accuracy and ball speed, during a 6-over spell in the heat was not 
substantially altered by pre-cooling. Limited variation was detected in bowling speeds and 
accuracy between conditions and minimal decline was present throughout the 6-over spell. 
Further, the absence of change in run up speed corroborates with previous research using 12 over 
spells in mild environmental conditions (Burnett, Elliot & Marshall, 1995; Duffield, Carney & 
Karppinen, 2009). Accordingly, these findings add to the limited availability of research on the 
effects of pre-cooling on sports-specific skill performance (Hornery et al., 2007). Whilst running 
distances and activity patterns were partially standardised due to set bowling run up length, 
increased peak 20 m running speeds were apparent within pre-cooling trial. This apparent self-
selected higher sprint speed during between-over efforts is in agreement with previous laboratory-
based pre-cooling research (Booth, Marino & Ward, 1997; Duffield et al., 2010). Accordingly, while 
the set pace of bowling is not altered by pre-cooling, the lower physiological and perceptual loads 
during bowling performance may result in increased selected speeds between overs. 
Consequently, the acute benefits of pre-cooling for fast bowling performance may not be evident in 
short singular spells; rather it may be possible for increases in intensity of work performed “off the 
ball” or during fielding between overs. 
 
Despite having negligible effects on acute, single-spell bowling performance, pre-cooling effectively 
reduced the physiological and thermoregulatory load experienced by the players. Core 
temperature was not reduced by the cooling intervention; however, the rise in internal thermal load 
during the warm up and bowling spell was suppressed following pre-cooling. Thus, a pre-cooling 
intervention prior to a bowling spell blunts the ensuing rise in core temperature, and hypothetically, 
with repeated exposures during the day may result in protection against excessive increases in 
core temperature. This maintenance of thermoregulatory balance after pre-cooling allows for an 
efficient heat transfer gradient, hence observed reductions in body mass changes attributed to 
evaporative sweat loss during pre-cooling conditions. These effects allow for the maintenance of 
blood volume, reducing cardiovascular load and related rise in heart rate (Quod, Martin & Laursen, 
2006). As such, the observed reduction in pre-over heart rate may represent a reduced 
physiological stress, faster recovery and confirm the reduced thermoregulatory effects of pre-
cooling on medium-fast bowling performance in the heat. Given access and consumption of 
adequate volumes of fluid may be difficult, especially in extremely hot climates, pre-cooling may 
reduce sweat rate, limiting the extent of fluid loss and when combined with a hydration strategy, 
provide some buffer against excessive levels of dehydration. Pre-cooling may allow players to 
finish the day or session in an improved physiological state than otherwise expected. 
 
Conclusions: Pre-cooling did not substantially influence bowling performance (speed, accuracy or 
run up speed), however self-selected peak running speeds during non-bowling activities were 
improved. Further, pre-cooling reduced the physiological and thermoregulatory load of the 6-over 
spell, as evidenced via reduced core temperature, heart rate and sweat loss. Finally, pre-cooling 
also reduced the perceptual load of the bowling spell, with lower subjective ratings of RPE and 
TSS observed in the cooling condition. As such, pre-cooling may have physiological and 
perceptual benefits for medium-fast bowling during training or competition in hot environments. 
Given the reduced load and improved physiological state following a single-spell of bowling, it is 
feasible that performance benefits may become evident as bowling spells become longer or are 
repeated in hot environmental conditions. Finally, apart from explicit bowling performance 
improvements, pre-cooling may be used in a protective fashion to blunt the load of performing in 
hot conditions; ensuring players finish a session and commence recovery in a better physiological/ 
perceptual state. 
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